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ABSTRACT 
S n e l i ,  Jon-Arne. 1975. The d i s t r i b u t i o n  of caudofoveata,  
Polyplacophora,  and Prosobranchia i n  Borgenfjorden,  North- 
Trondelag, Norway. K. norske  Vidensk.  Se Zsk. Mus. Miscnea 
(23) : 1-26. 
The spec ies  d i s t r i b u t i o n  was i n v e s t i g a t e d  by g rab  
sarnpling with a 0 .1  m2 Pe te r sen  grab (1,039 samples) 
dur ing t h e  years  1967-1971. A t o t a l  of 1,195 specimens, 
belonging t o  29 s p e c i e s ,  were obta ined.  The most abundant 
s p e c i e s  on s o f t  bottom s u b s t r a t e s  i n  Borgenfjorden were 
T u r r i  teZZa comrnunis and Aporrhais pespelecani ,  comprising 
a l t o g e t h e r  92.5% of  a l l  t h e  specimens co l l ec ted .  About 
40% of t h e  spec ies  sampled a r e  t y p i c a l  ep i f auna l  organisms. 
In  a l l  t h r e e  groups lus i t an ian -borea l  spec ies  dominated 
wi th in  both  f j o r d  bas ins .  Local d i s t r i b u t i o n  maps a r e  
presented.  
Jon-Arne Sne Z i ,  Bio ZogicaZ S t a t i o n ,  N-7001 Trondheim, 
Norway. 
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INTRODUCTION 
The f i r s t  i nven to r i e s  of t h e  a l g a e ,  ben th i c  i n v e r t e b r a t e s ,  
f i s h e s  and mammals i n  Borgenfjorden were made about h a l f  a  century 
ago (Nordgaard 1910, 1923).  The f j o r d  once harboured a  l a r g e  s tock  
of p l a i c e  (PZewonectes p z a t e s s a  L . ) ,  b u t  t h e  s i z e  of t h e  s tock  
decreased considerably a f t e r  1940-1945. An extens ive  b i o l o g i c a l  
survey,  t o  s tudy the  eco log ica l  r e l a t i o n s h i p s  i n  t h e  f j o r d ,  and i f  
p o s s i b l e ,  t o  f i n d  reasons f o r  t h e  decrease  i n  t h e  s tock  of p l a i c e  was 
t h e r e f o r e  s t a r t e d  i n  1967 ( s e e  Borgenfjordundersokelsene 1969, 1970, 
1971, 1973) . 
The Borgenfjord survey inc ludes  i n v e s t i g a t i o n s  of t h e  
bottom fauna (Gul l iksen ,  1971, 1972, 1974, Holthe 1973, E.  Lande 
1975, E. Lande & Gull iksen 1973, Skjæveland 1972, 1973) ,  sediments 
(Strdmgren 1974, Stromgren e t  a l .  1971) ,  hydrodynamics (McClimans 
1973) , food and feeding  h a b i t s  of cod (Denstadl i  1972) and p l a i c e  
(R.  Lande 1972, 1973).  
This  paper  d e a l s  wi th  t h e  Caudofoveata, Polyplacophora, 
and Prosobranchia sampled i n  Borgenfjorden dur ing  t h e  pe r iod  1967- 
1971. 
AREA AND ENVIRONMENT 
Borgenfjorden i s  loca t ed  i n  t h e  i n n e r  p a r t  of Trondheims- 
f jorden  (Fig.  1) .  I t  i s  connected with Trondheimsfjorden proper  by 
a  narrow i n l e t ,  Strornrnen, approximately 5-6 m deep and 150 m wide. 
The f j o r d  i t s e l f  i s  d iv ided  i n t o  two bas ins  by a  t h re sho ld ,  a t  a  
depth av 14 m. The maximum depth of  t h e  o u t e r  ( southern)  bas in  i s  
near ly  40 m ,  of t h e  inne r  (nor thern)  about  30 m ( c f .  F ig .  3 ) .  The 
su r f ace  a r e a  of  t h e  f j o r d ,  a t  t h e  high water  mark, i s  es t imated  t o  
2 be ca.  19.3 km . 
Based on SCUBA-diving fo rays  and from t h e  con ten t s  of 
dredges and g rabs ,  Gull iksen (1971) has descr ibed  t h e  main types  of 
bottom s u b s t r a t e ;  sediment ana lyses  of subsamples from 85 grab samp- 
l e s  have been publ i shed  by Stromgren e t  a l .  (1971).  The f i n e s t  sed i -  
ment types a r e  found i n  t h e  nor thern  bas in  (F ig .  2 ) .  Coarser sed i -  
ments occur  where t h e  t i d a 1  c u r r e n t  has i t s  g r e a t e s t  i n f luence ,  i . e .  
near t h e  en t rance  t o  t h e  f j o r d ,  i n  a r e a s  s i t u a t e d  on t h e  west s i d e  
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F ig .  1. Map o f  Trondheimsfjorden showing t h e  l o c a t i o n  o f  t h e  
l and locked  b a s i n  Borgenf jorden ( a f t e r  E.  Lande & 
G u l l i k s e n  1 9 7 3 ) .  
o f  RolsØy, and on t h e  t h r e s h o l d  between t h e  two b a s i n s .  Medium 
types  o f  sediment  a r e  mainly found i n  t h e  s o u t h e r n  b a s i n .  The s o f t  
bottom m a t e r i a l  h a s  a h i g h  c o n t e n t  o f  o r g a n i c  m a t t e r  (Stromgren e t  
a l .  1971) .  
The wate r  masses o f  Borgenf jorden o r i g i n a t e  from t h e  s u r -  
f a c e  l a y e r s  of Trondheimsfjorden p r o p e r ,  and 50% of  t h e  w a t e r  m a s -  
s e s  a r e  renewed o v e r  a p e r i o d  o f  11-14 days  (McClimans 1 9 7 3 ) .  The 
t i d a 1  c u r r e n t  through Stromrnen, which may r e a c h  a speed  o f  5 m/sec 
n e a r  t h e  s u r f a c e  (McClimans 19731, p roduces  s t r o n g  t u r b u l e n c e  i n  
t h e  wa te r  masses o f  t h e  s o u t h e r n  b a s i n ,  which a r e  t h e r e f o r e  p r a c t i -  
c a l l y  hmogeneous throughout  t h e  whole wa te r  column. 
I n  t h e  n o r t h e r n  b a s i n ,  however, a p y c n o c l i n e  i s  formed 
a t  abou t  15-20 m d e p t h  d u r i n g  t h e  summer. Decomposition o f  t r a p p e d  
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F i g .  2 .  D i s t r i b u t i o n  o f  t h e  main t y p e s  o f  bo t tom s e d i m e n t s  found 
i n  B o r g e n f j o r d e n  ( a f t e r  G u l l i k s e n  1 9 7 1 ) .  
o r g a n i c  matter be low t h e  p y c n o c l i n e  r e s u l t s  i n  oxygen d e f i c i e n c y ,  
and  H S i s  formed.  An annua1  r enewa l  o f  t h e  s t a g n a n t  bot tom water 2 
s tar ts  i n  t h e  autumn o r  e a r l y  w i n t e r  and  c o n t i n u e s  t h r o u g h o u t  t h e  
w i n t e r .  
O The w a t e r  t e m p e r a t u r e  u s u a l l y  r a n g e s  a n n u a l l y  f rom 1 t o  
20°c and the  s a l i n i t y  from 20 t o  30°/00. 
MATERIAL AND METHODS 
Between September 1967 and October 1971 a t o t a l  of  1.039 
samples were obtained by means of a 0.1 m 2  Pe tersen  grab.  The 
most va luable ,  because consecutive,  per iod  of observat ions i s  from 
Fig. 3. Map of Borgenfjorden showing i soba ths ,  cord ina te  g r i d ,  
pos i t i ons , and  depths of a l l  s t a t i o n s  sarnpled between 
May 1970 and October 1971. 
May 1970 t o  November 1971, compris ing 12 c r u i s e s  d u r i n g  which f i v e  
r e p l i c a t e  samples were o b t a i n e d  from each o f  t h e  11 s t a t i o n s  (F ig .  
3 ) .  Due t o  i c e ,  t h r e e  s t a t i o n s  i n  t h e  n o r t h e r n  b a s i n  were o m i t t e d  
i n  February 1971. Thus, a t o t a l  o f  645 g r a b  samples were c o l l e c t e d  
d u r i n g  t h i s  p e r i o d .  
The c o n t e n t s  o f  t h e  g r a b s  were s i e v e d  th rough  a 1 . 0  mm 
mesh s c r e e n  and t h e  r e t a i n e d  p o r t i o n  t h e n  s o r t e d  by hand. Hol the  
(1973) and E .  Lande (1975) g i v e  an o u t l i n e  o f  t h e  sampl ing programme, 
t h e  methods used ,  and t h e  s t a t i o n s  worked. 
Sampling e r r o r s  due t o  h a l f - f i l l e d  g r a b s ,  i n c o r r e c t  p o s i -  
t i o n i n g  o f  t h e  sampling s t a t i o n s ,  s o r t i n g  by u n t r a i n e d  p e r s o n n e l ,  
e t c . ,  a r e  o f  c o u r s e  p r e s e n t ,  b u t  t h e  s i z e  o f  t h e  m a t e r i a l  sampled 
shou ld  p r o v i d e  v a l u a b l e  i n f o r m a t i o n  a b o u t  t h e  d i s t r i b u t i o n  and f r e -  
quency o f  o c c u r r e n c e  o f  t h e  mol luscan s p e c i e s  d e a l t  w i t h  i n  t h i s  
paper .  
During t h e  1970-71 survey  t h e  s t a t i o n  H 12 ( F i g .  3) was 
l o c a t e d  more o r  l e s s  on t h e  t h r e s h o l d  between t h e  n o r t h e r n  and south-  
e r n  b a s i n s .  I n  t h e  p r e s e n t  p a p e r  it i s  c o n s i d e r e d  a s  be long ing  t o  
n e i t h e r  o f  t h e  b a s i n s .  E .  Lande (1375) found t h a t  t h e  s p e c i e s  compo- 
s i t i o n  o f  t h e  pelecypods found a t  H 12 more c l o s e l y  resembled t h e  
pelecypod fauna  found a t  l o c a l i t i e s  i n  t h e  s o u t h e r n  b a s i n ,  t h a n  t o  
t h a t  i n  t h e  n o r t h e r n  b a s i n .  
The m a t e r i a l  i s  d e p o s i t e d  a t  t h e  Z o o l o g i c a l  Department o f  
t h e  Museum o f  t h e  Royal Norwegian S o c i e t y  o f  S c i e n c e s  and L e t t e r s .  
RESULTS 
A l l  t h e  caudofovea te ,  p lacophoran ,  and p rosobranch  s p e c i e s  
found d u r i n g  t h e  Pe te r sen-grab  survey  o f  Borgenf jo rden  made between 
May 1970 and November 1971 a r e  l i s t e d  below. Both t h e  t o t a l  numbers 
o f  s p e c i n e n s  found and t h e  months i n  which t h e  s p e c i e s  o c c u r r r e d  i n  
t h e  m a t e r i a l  a r e  g iven .  The r e s p e c t i v e  numbers o f  specimens found 
d u r i n g  t h e  l e s s  e f f i c i e n t  sampl ing p e r i o d ,  from September 1967 t o  
A p r i l  1970, a r e  shown i n  b racke t s . "Outwi th"  r e f e r s  t o  S t n  B 22 and 
"Threshold" t o  S t n  H 12 o f  t h e  1970-71 p e r i o d  ( s e e  map F i g .  3 ) .  
Where f requency i s  r e p o r t e d  t h e  a b b r e v i a t i o n s  0,  S l  T, N r e f e r  t o  
Outwith,  Sou thern  b a s i n ,  Thresho ld ,  and Northern b a s i n .  
Caudofoveata 
Chaetoderma nitidutwn ( L o v h r  1846) ( M ~ P  1) 
Northern ba s in :  O ( 6  specimens: Desember 1967, J u l y  1968) 
Threshold : 3 specimens from June  1970 
Southern bas in :  5 specimens from A p r i l  1970, June  1971, October 
1970, and November 1970 ( 2  specimens: J u l y  1960) 
Outwith : 1 0  specimens from March 1970, May 1970, J u l y  1970, 
October 1970, and November 1970 ( 5  specimens: 
December 1967, J u l y  1968) 
o f  t o t a l  g r a b s  
sampled (T) 
Frequency 
of g r abs  sampled 
w i t h i n  each b a s i n  10.0 1 .4  3.3 O 
A bo reo -a r c t i c  s p e c i e s ,  abundant i n  Trondheimsfjorden. I n  Borgen- 
f j o r d e n  t h e  s p e c i e s  was found with ,  a maximurn of  f ou r  specimens p e r  
g rab  sample. 
Po lyp lacophora  
Northern ba s in :  1 specimen from October 1970 ( 2  specimens: Decem- 
b e r  1967, J u l y  1968) 
Threshold : 3 specimens from J u l y  1971 and August 1971 
Southern ba s in :  O ( 51  specimens: October 1967, January  1968, J u l y  
1968, September 1968) 
Outwith : 264 specimens from February 1971, A p r i l  1970, May 
1970,71, June  1971, J u l y  1970, August 1970, October  
1970, and November 1970 (31 specimens: December 
1967, J u l y  1968) 
O S T N 
T 6 . 1  O 0.2 O.  2  
Frequency B 65. O O 1 . 7  O.  6  
A l u s i t a n i a n - b o r e a l  s p e c i e s ,  abundant i n  Trondheimsf jorden.  The 
s p e c i e s  seems t o  b e  g r e g a r i o u s ,  s i n c e  it o c c u r r e d  a t  t i m e s  i n  r a t h e r  
l a r g e  nunbers ,  maximum 34 p e r  g rab .  
Tonice l la  marmorea ( F a b r i c i u s ,  1 7 8 0 ) ;   ap 2) 
Northern b a s i n :  O 
Thresho ld  : O 
Southern b a s i n :  O 
Outwith : 2 specimens from J u n e  1971 (1 specimen: J u l y  1968) 
Underwater photography has  shown t h a t  T. marmorea is  commonly p r e s e n t  
on h a r d  bottom s u b s t r a t e s  o f f  Rols6y i n  t h e  s o u t h e r n  b a s i n .  An a rc -  
t i c - b o r e a l  s p e c i e s ,  common i n  Trondheimsf jorden.  
Tonicel  l a  rubra (Linnaeus ,  1767) ; (Map 2)  
Northern b a s i n :  O 
Threshold  : O 
Sou thern  b a s i n :  O 
Outwith : 3 specimens from February  1971, J u n e  1971, and 
August 1970 
An a r c t i c - b o r e a l  s p e c i e s ,  o c c u r r i n g  f r e q u e n t l y  i n  Trondheimsf jorden.  
Ischnochitona a lbula  (Linnaeus ,  1 7 6 7 ) ;  a ap 3)  
Northern b a s i n :  O 
Thresho ld  : O 
Southern b a s i n :  O 
Outwith : 1 specimen from J u l y  1970 (1 specimen: J u l y  1968) 
An a r c t i c - b o r e a l  s p e c i c s ,  o c c u r r i n g  o c c a s i o n a l l y  i n  Trondheimsfjorden.  
Prosobranchia  
Puncture 2 La noachina (Linnaeus , 1771) ; (Map 4)  
Northern ba s in :  O 
Threshold : O 
Southern bas in :  O 
Outwith : 1 specimen from May 1970 
An a r c t i c  s p e c i e s ,  abundant i n  Trondheimsfjorden. 
Acmaea t e s t u d i n a l i s    ulle er, 1776) ; te ap 4) 
Northern ba s in :  O 
Threshold : O 
Southern ba s in :  O (1 specimen: June 1968) 
Outwi t h  : 1 specimen from J u l y  1971 
Underwater photography has  shown t h a t  t h i s  s p e c i e s  i s  f r e q u e n t l y  
found on hard  bottom s u b s t r a t e s  o f f  Rolseiy. An a r c t i c - b o r e a l  
s p e c i e s ,  occu r r i ng  f r e q u e n t l y  i n  Trondheimsfjorden. 
Acmaea v irg inea  (Mfiller, 1776) ; (Map 4) 
Northern b a s i n :  O 
Threshold : O 
Southern b a s i n :  O 
Outwith : 11 specimens from June  1971 and August 1970 (1 
specimen: J u l y  1968) 
Underwater photography has  shown t h a t  t h e  s p e c i e s  i s  common on h a r d  
bottom s u b s t r a t e s  o f f  Rolseiy. A l u s t i a n i a n - b o r e a l  s p e c i e s ,  abundant 
i n  Trondheimsfjorden. 
Lepeta caeca  filler, 1776) ;  f ap 4)  
Northern ba s in :  O 
Threshold : O 
Southern ba s in :  O 
Outwith : 4 specimens from J u l y  1970 and November 1970 (1 
specimen: November 1969) 
An a r c t i c  s p e c i e s ,  abundant i n  Trondheimsf jorden.  
GibbuZa e inerar ia  (Linnaeus ,  1758) ; (Map 5 )  
Northern b a s i n :  4 specimens from October  1970 
Threshold  : O 
Southern b a s i n :  2 specimens from October  1970 ( 8  specimens:  J u l y  
1967, October  1967, J u l y  1968) 
Outwith : 60 specimens from February 1971, J u n e  1971, J u l y  
1970, August 1970, October  1970, and November 1970 
( 7  specimens : J u l y  1968) 
O S T N 
T 3.6 0.2 O 0 .3  
Frequency 
B 38.3 0 .3  O 1 .2  
Outwith Str6mmen an average  o f  2.6 specimens were found i n  each o f  
t h e  23 g r a b  samples i n  which it o c c u r r e d ,  i n d i c a t i n g  an o v e r a l l  den- 
2 
s i t y  o f  one specimen p e r  0 . 1  m . A l u s i t a n i a n - b o r e a l  s p e c i e s ,  occur r -  
i n g  f r e q u e n t l y  i n  Trondheimsf jorden.  
GibbuZa tumida (Montagu, 1803) ;   ap 5)  
Northern b a s i n :  1 specimen from October  1970 
Threshold  : O 
Sou thern  b a s i n :  1 specimen from November 1970 
Outw i t h  : 1 0  specimens from May 1970, J u n e  1971, J u l y  1970, 
August 1970, and November 1970 
O S T N 
T 1 . 4  0.2 O 0 .2  
Frequency 
B 15.0 0.3 O O .  6 
A l u s i t a n i a n - b o r e a l  s p e c i e s ,  cornmon i n  Trondheimsf jorden.  
Margarites groenZandieus ( m e l i n ,  1 7 9 1 ) ;  (Map 6 )  
Northern b a s i n :  O 
Threshold  : O 
Southern b a s i n :  O ( 8  specimens:  October  1967, January  1968, J u l y  
1968) 
Outwi th  : 6 specimens  from May 1970 and August 1970 ( 2  s p e c i -  
mens: J u l y  1968) 
An a r c t i c  s p e c i e s ,  comrnon i n  Trondhe imsf jo rden .  
Margarites he l ic inus  (Ph ipps  , 1774) ; ( M ~ P  6 )  
Nor the rn  b a s i n :  O 
T h r e s h o l d  : O 
Sou the rn  b a s i n :  O 
Outwi th  : 3 specimens  from May 1970 and  August  1970 
An a r c t i c - b o r e a l  s p e c i e s ,  o c c u r r i n g  f r e q u e n t l y  i n  Trondhe imsf jo rden .  
Onoba s t r i a t a  (Adams, 1803) ;  ap 7)  
Nor thern  b a s i n :  1 specimen from J u n e  1971  
Thresho ld  : O 
S o u t h e r n  b a s i n :  O 
Outwith : O 
A l u s i t a n i a n - b o r e a l  s p e c i e s ,  o c c u r r i n g  f r e q u e n t l y  i n  Trondheims- 
f j o r d e n .  I t  h a s  a l s o  been  found  i n  Str6mmen (E .  Lande & G u l l i k s e n  
1973) .  
Hydrobia ulvae (Pennan t ,  1777)  ; (Map 7) 
Not r e c o r d e d  d u r i n g  t h e  p e r i o d  1970-71, b u t  two spec imens  were found 
i n  t h e  s o u t h e r n  b a s i n  i n  J u l y  1968. I n  t h e  t i d a 1  zone  o f  Borgen- 
f j o r d e n ,  however,  H .  uzvae h a s  been  found a t  d e n s i t i e s  o f  up t o  
L 14,297 p e r  m (St romgren e t  a l .  1 9 7 3 ) .  T h i s  l u s i t a n i a n - b o r e a l  s p e c i e s  
is a l s o  common i n  Trondhe imsf jo rden .  
T u r r i t e l l a  comunis  R i s s o ,  1826; (Map 8 )  
Nor the rn  b a s i n :  4 specimens  from J u l y  1970,  August  1970,  and O c t o b e r  
1970,  1971 (1 specimen: December 1967)  
Thresho ld  : 39 specimens  from F e b r u a r y  1971 ,  May 1970 ,71 ,  J u n e  
1971,  J u l y  1971,  August  1970,71,  O c t o b e r  1970,71,  
and  November 1970 
S o u t h e r n  b a s i n :  665 spec imens f rom F e b r u a r y  1971,  May 1971,  J u n e  
1970,71,  J u l y  1970,71,  August  1970 ,71 ,  O c t o b e r  
1970,71,  and November 1970 (123 specimens:  October  
1967, December 1967, February-March 1968, May- 
September 1968, August 1969, October 1969) 
Outwith : 1 5  specimens from February 1971, May 1971, June  
1970, August 1971, and November 1970 (10 specimens:  
December 1967,  Ju ly  1968, November 1968, August 1969) 
O S T N 
T 1 .7  25.3 3.0 0 .6  
Frequency B 18.3  45.3 31.7 2.4 
T .  communis is a s e d e n t a r y  f i l t e r  f e e d e r .  ~t i s  g r e g a r i o u s  and may 
t h e r e f o r e  o c c u r  a t  h i g h  d e n s i t i e s  (Yonge 1 9 4 6 ) .  I n    or gen fjorden, 
t h e  l a r g e s t  number o f  specimens found i n  a s i n g l e  g r a b  sample w a s  25. 
A l u s i t a n i a n - b o r e a l  s p e c i e s ,  abundant  i n  Trondheimsf jorden.  
B i t t i u m  reticuzatum ( d a  C o s t a ,  1778) ;  ap 9 )  
Not recorded  d u r i n g  t h e  p e r i o d  1970-71, one specimen found o u t w i t h  
Borgenf jo rden  i n  J u l y  1968. The s p e c i e s  is  l u s i t a n i a n - b o r e a l ,  
o c c u r r i n g  f r e q u e n t l y  i n  Trondheimsf jorden.  I t  i s  a l s o  common i n  
Strornrnen (E. Lande & G u l l i k s e n  1973) .  
Amauropsis iszandicus (Gmelin, 1791) ; (Map 9)  
Northern b a s i n :  O 
Threshold  : O 
Southern b a s i n :  O 
Outwi t h  : 1 specimen from February 1971 
An a r c t i c - b o r e a l  s p e c i e s ,  o c c u r r i n g  o c c a t i o n a l l y  i n  Trondheimsf jorden.  
Lunatia intermedia ( P h i l i p p i ,  1836) ; (Map 10)  
Northern b a s i n :  O 
Threshold  : O 
Sou thern  b a s i n :  O 
Outwi t h  : 1 specimen from October  1970 
A l u s i t a n i a n - b o r e a l  s p e c i e s ,  conmon i n  Trondheimsf jorden.  
Lunatia pal l ida  ( B r o d e r i p  & Sowerby, 1829)  ;  a ap 10)  
Nor the rn  b a s i n :  O 
Thresho ld  : O 
Sou the rn  b a s i n :  1 specimen from November 1970 
Outwi th  : 11 specimens  from May 1971,  J u n e  1970 ,  J u l y  1971,  
August  1971,  ?Jovernber 1970 ( 5  spec imens :  J u l y  
1968,  ~ u g u s t  1969,  O c t o b e r  1969) 
An a r c t i c  s p e c i e s ,  common i n  Trondhe imsf jo rden .  
Trichotropis  boreal i s  B r o d e r i p  & Sowerby , 1829; (Map 12)  
N o t  r e c o r d e d  d u r i n g  t h e  i n v e s t i g a t i o n  p e r i o d  1970-71, 1 specimen 
found o u t w i t h  B o r g e n f j o r d e n  i n  J u l y  1968. An a r c t i c  s p e c i e s ,  
o c c u r r i n g  f r e q u e n t l y  i n  Trondhe imsf jo rden .  
Aporrhais pespelecani (L innaeus ,  1758) ;   ap 11) 
Nor the rn  b a s i n :  45 specimens  from May 1970,71,  August  1970,71,  
Oc tobe r  1970,  and November 1970 (13  specimens:  
December 1967,  J u l y  1968,  August  1969,  Oc tobe r  
1969,  December 1969)  
Thresho ld  : 9 specimens  from F e b r u a r y  1971,  May 1971,  J u l y  
1971,  and Oc tobe r  1971  
Sou the rn  b a s i n :  100 specimens  from Februa ry  1971,  May 1970 ,71 ,  
August  1970,71,  Oc tobe r  1970 ,71 ,  November 1970,  
and December 1970 (33  spec imens :  Oc tobe r  1967,  
J a n u a r y  1968,  May-July 1968,  Oc tobe r  1968,  March 
1969,  August  1969,  Oc tobe r  1969,  December 1969) 
Outwi th  : 3 specimens  from May 1971  
T 0 .3  1 2 . 4  1 . 2  5 . 6  
Frequency B 3 .3  22.2 1 3 . 3  2 1 . 8  
The l a r g e s t  number o f  specimens  found i n  a s i n g l e  g r a b  sample  was 
f o u r .  A l u s i t a n i a n - b o r e a l  s p e c i e s ,  cornmon i n  Trondhe imsf jo rden .  
Velut ina ue lu t ina  (Mfil ler ,  1776) ; (Map 12)  
Northern b a s i n :  O (1 specimen: August 1968) 
Threshold  : 1 specimen from J u l y  1970 
Southern  b a s i n :  O ( 6  specimens:  January  1968, June-Ju ly  1968, 
August 1969) 
Outwith : 6 specimens from February 1971, A p r i l  1970, J u l y  
1970, and October 1970 
A l u s i t a n i a n - b o r e a l  s p e c i e s ,  o c c u r r i n g  f r e q u e n t l y  i n  Trondheimsfjorden.  
Thais l a p i l l u s  (Linnaeus ,  1758) ; (Map 1 3 )  
Northern b a s i n :  2 specimens from June  1970 and October  1970 
Threshold  : O 
Southern b a s i n :  O ( 2  specimens:  October  1967) 
Outwith : O 
A b o r e a l  s p e c i e s ,  abundant i n  Trondheimsf jorden.  
Boreotrophon baruicens is  ( J o h n s t o n ,  1841) ; (Map 13) 
Northern b a s i n :  O 
Thresho ld  : O 
Southern b a s i n :  O 
Outwith : 6 specimens from May 1970 and November 1970 ( 2  
specimens:  J u l y  1968, August 1969) 
A b o r e a l  s p e c i e s ,  abundant i n  Trondheimsf jorden.  
Buccinwn undatwn (Linnaeus ,  1758) ;   ap 14)  
Northern b a s i n :  4 specimens from June  1971, J u l y  1971, October 
1970, and November 1970 ( 7  specimens:  December 
1967, July-August 1968, October 1969, December 
1969) 
Threshold  : 2 specimens from March 1970 and November 1970 
Southern b a s i n :  25 specimens from February 1971, May-August 1970, 
71,  and October 1970 (23 specimens:  October  1967, 
December 1967, January  1968, J u l y  1968,August 1969) 
Outwith : 2 specimens from J u l y  1970 and August 1970 
O S T N 
T 0 . 3  3 .3  0 .3  0 .6  
Frequency B 3 .3  5 .8  3.3 2.4 
A b o r e o - a r c t i c  s p e c i e s ,  abundant i n  Trondheimsf jorden.  
Neptunea despecta ( ~ i n n a e u s  , 1758) ; (Map 15)  
Northern b a s i n :  O ( 2  specimens:  J u l y  1968, August 1969) 
Threshold  : 1 specimen from October  1971 
Southern b a s i n :  O ( b u t  known from e a r l i e r  dredge samples from 30 m 
d e p t h  o f f  Rolsoy) 
Outwith : O 
An a r c t i c - b o r e a l  s p e c i e s ,  abundant i n  Trondheimsf jorden.  
Nassarius re t i cuza tus  (Linnaeus ,  1758) ;   ap 1 5 )  
Northern b a s i n :  6 specimens from May 1971,  J u n e  1971, August 1970, 
and November 1970 
Threshold  : O 
Southern b a s i n :  2 specimens from J u l y  1971 and August 1971 (1 
specimen: May 1968) 
Outwi t h  : O 
A l u s i t a n i a n - b o r e a l  s p e c i e s ,  o c c u r r i n g  f r e q u e n t l y  i n  ~ r o n d h e i m s f j o r h e n .  
Oenopota harpuzaria (Couthouy , 1838) ; (Map 16) 
Northern b a s i n :  4 specimens from May 1971,  August 1971, October  
1971, and November 1970 (1 specimen: December 1967) 
Threshold  : O 
Southern b a s i n :  O 
Outwith : O 
An a r c t i c - b o r e a l  s p e c i e s ,  o c c u r r i n g  o c c a s i o n a l l y  i n  Trondheimsfjorden.  
DISCUSSION 
During t h e  whole i n v e s t i g a t i o n  pe r iod  (1967-711, one spec i e s  
of  Caudofoveata, f ou r  spec i e s  of Polyplacophora,  and 24 s p e c i e s  of 
Prosobranchia have been found i n  t h e  Pe t e r sen  grab  m a t e r i a l .  Three 
of  t h e  prosobranch spec i e s  ( v i z .  Hydrobia uzvae, Bittim re t i euk tu rn ,  
and Tr i cho t rop i s  b o r e a l i s )  were no t  recorded dur ing  t h e  more i n t e n s i v e  
sampling pe r iod  1970-71. However, H. u lvae i s  found abundantly on 
s o f t  bottom s u b s t r a t e s  wi th in  t h e  t i d a 1  zone i n  Borgenfjorden (Stromgren 
e t  a l .  1973) ,  and B. r e t i cu l a twn  i s  common i n  Strommen (E .  Lande & 
Gul l iksen  1973) .  
Of t h e  he re  t r e a t e d  29 molluscan s p e c i e s  recorded du r ing  1967- 
1971, 24 were recorded a t  t h e  s t a t i o n s  l y i n g  outwith Strommen, 15 i n  t h e  
southern bas in ,  seven on t h e  t h r e sho ld  between t h e  southern  and t h e  
nor thern  b a s i n s ,  and 13  i n  t h e  nor thern  bas in .  The number of spec i e s  
common t o  more than  one a r e a  a r e  shown i n  a Venn-diagram (Fig.  4 ) .  
Probably t h e  t o t a l  number of  polyplacophoran and prosobranch 
spec i e s  i n  Borgenfjorden i s  h igher  than  t h a t  r epo r t ed  i n  t h i s  paper.  
A l l  g rab  samples were c o l l e c t e d  from 10 m depth ,  o r  deeper;  i . e .  
spec i e s  r e s t r i c t e d  t o  shal lower a r e a s ,  and t h e  hard bottom s u b s t r a t e s ,  
a r e  t h e r e f o r e  l i k e l y  t o  be  under-represented i n  t h e  p r e s e n t  m a t e r i a l .  
I t  is i n t e r e s t i n g  t o  no t e  t h a t  o f  t h e  26 s p e c i e s  recorded 
Northern basin Northern basin 
Southern Threshold Southern Outwith 
basin bas in Strommen 
Fig. 4. Venn-diagrams showing t h e  s p e c i e s  d i s t r i b u t i o n ,  a :  i n  
Borgenfjorden proper ,  b:  i n  t h e  t h r e e  main d i s t r i b u t i o n  
a r ea s .  
during 1970-71, 11 (42.3%) a r e  more t y p i c a l l y  e p i f a u n a l  organisms; 
most of  them have probably been p r e s e n t  on smal l  s t o n e s  o r  dead 
s h e l l s  i n  t h e  grab m a t e r i a l .  
During t h e  1970-71 sampling pe r iod  a t o t a l  av  585 grab  
samples, comprising 931 specimens, were ob ta ined  from   or gen fjorden 
pro2er .  S ix  of t h e  14 s p e c i e s  recorded during t h i s  p e r i o d  (Chaeto- 
derma nitidulwn, Gibbula cineraria, Turri t e l  Za comrnunis, Aporrhais 
pespe lecani, Buccinwn undatwn, il'assarius re t ieu la tus )  occurred wi th  
a t o t a l  of more t han  f i v e  specimens each (Tabel I ) .  T .  C O ~ U ~ ~ S  and 
A.  pespelecani seem t o  be abundant on s o f t  bottom s u b s t r a t e s  i n  
Borgenfjorden p rope r ,  c o n s t i t u t i n g  76% and 16.5% r e s p e c t i v e l y . o f  t h e  
t o t a l  number of i n d i v i d u a l s  sampled. The l e s s  abundant Ch. nitidulwn, 
B. undatwn, and N .  reticuZatus a r e  probably a l s o  r e l a t i v e l y  common 
s o f t  bottom animals i n  t h e  f j o r d .  Four o f  t h e  s p e c i e s ,  Onoba s t r ia ta ,  
Lunatia pallida, Velutina velutina,  and Neptunea despecta, were only 
represen ted  by a s i n g l e  specimen. 
Outwith Strommen, 62.7% o f  a l l  specimens c o l l e c t e d  were 
Lepidopleurus asel lus .  Gi3buZa cineraria accounted f o r  14%,  Turri- 
teZZa comrnunis 3.6%,  and Chaetoderma nitidulwn, Acmaea virginea, 
Gibbula twnida, and Lunatia pallida 2.5% each. 
Some informat ion  about  t h e  p r e d a t o r s  of  gas t ropods  i s  known 
from Borgenfjorden. Apporhais pespelecani, Velutina velutina,  and 
Buccinwn undatwn have been found i n  t h e  g u t s  o f  p l a i c e  ( R .  Lande 
1972, 1973) , and TurriteZZa communis, V .  velutina,  and B. undatwn 
i n  t h e  g u t s  of  cod (Dens tad l i  1972) . B. undatwn was common, t h e  
o t h e r  spec i e s  were more s p a r s e l y  recorded.  One specimen of  T. comnu- 
n i s  has  a l s o  been found i n  t h e  stomach c o n t e n t s  of Qphiura albida 
(Skjæveland 1973) .  I n  t h i s  r e s p e c t  it i s  i n t e r e s t i n g  t o  no t e  t h a t  
T. comrnunis, A. pespezecani, and B. undatwn a r e  t h e  t h r e e  most abun- 
dant  ben th i c  spec i e s .  V. vezut ina,  t o o ,  i s  probably more comon 
than t h e  r e s u l t s  o f  t h e  grab samples would i n d i c a t e ,  s i n c e  it i s  
o f t e n  found when dredging on hard  bottom s u b s t r a t e s .  
From a zoogeographic viewpoint ,  82.8% of  t h e  sarnpled a r e  
e i t h e r  a r c t i c  (41.4%) o r  l u s i t an i an -bo rea l  (41.4%) i n  t h e i r  main 
d i s t r i b u t i o n s  (Tabel 11). The l u s i t a n i a n - b o r e a l  element i s  predomi- 
nan t  i n  Borgenfjorden p rope r ,  and t h e  a r c t i c  element is l e s s  pro- 
nounced i n  t h e  nor thern  than i n  t h e  southern  b a s i n  (15.4% and 26.7% 
r e s p . ) .  E.  Lande (1975) found t h a t  w i th in  t h e s e  two b a s i n s ,  25-26% 
Table I .  Total  number of specimens of t h e  d i f f e r e n t  species  recorded a t  each of the  sampling s t a t i o n s  
between May 1970 and October 1971. The main zoogeographical d i s t r i b u t i o n  of each spec ies  is  
a l s o  ind ica ted  ( A  = a r c t i c ,  AB = arc t ic -borea l ,  B = borea l ,  LB = lus i t an ian-borea l )  
Species 
Zoo- Total :  To ta l :  Epi- 
geogr. B 22 G 21 I 19 G 17 H 17 I 17 J 17 H 12 H 7 H 6 K 3 whole Borgen- faunal 
d i s t r .  a rea  f jorden element 
proper (x) 
Caudofoveata 
Chaetoderma n i t i d u l m  AB 1 0 2 1 2  
Polyplacophora 
Lepidop Zeurus ase l l u s  LB 264 3 1 268 4 
Tonice 7, la  marmorea AB 2 2 - 
Tonicella rubra AB 3 3 - 
Ichnochitona albula AB 1 1 - 
Prosobranchia 
Puncturella noachina A 1 1 - 
Acmaea tes tudinal i s  AB 1 1 - 
Acmaea virginea LB 11 11 - 
Lepeta caeca A 4 4 - 
Cibbula eineraria LB 60 66 6 
Cibbula tumida LB 10 12 2 
Margarites groenlandicus A 6 6 - 
Margari t e s  he l ic inus  AB 3 3 - 
Onoba s t r i a t a  LB 1 - 1 
Turi t e  l  la comrnunis LB 15 16 200 22 216 167 44 39 1 2 1 723 708 
Amauropsis i s  landicus AB 1 1 - 
Lunatia intermedia LE 1 1 - 
Lunatia pallida A 11 1 12 1 
Aporrhais pespelecani LB 3 20 18 9 8 12 33 9 5 30 10 157 154 
Velutina ve lu t inn  LB 6 1 7 1 
Thais l w i  l l u s  B 1 1  - 2 
Boreotrophon barvicensis B 6 6 - 
Buccinum undatum AB 2 3 1 1 4 4 3  2 1 2 1 3 3  3 1 
Neptunea despecta AB 1 - 1 
Nassarius re t icu la tus  LB 1 1  1 5  - 8 
Oenopota harpularia AB 4 - 4 
Table 11. Zoogeographical d i s t r i b u t i o n s  of t he  combined Caudo- 
foveata ,  Polyplacophora, and Prosobranchia spec ie s  
sampled with t h e  Pe tersen  grab  i n  various p a r t s  of 
Borgenfjorden dur ing  t h e  per iod  September 1967 - 
October 1971. The t o t a l  numbers ( N )  and percentage 
r ep resen ta t ions  ( % )  a r e  given i n  each case  
Outwith Southern Northern To ta l  f o r  
Str6mmen bas in  bas in  whole a r e a  
Arc t i c ,  a r c t i c -  
bo rea l  
Boreal ,  Boreo- 
a r c t i c  
of t h e  pelecypod spec ie s  have an a r c t i c  main d i s t r i b u t i o n .  For o ther  
benth ic  groups, i . e .  Polychaeta (Holthe 19731, Echinodermata 
(Skjæveland 19721, and Ascidiacea (Gull iksen 1974) ,  t h e  a r c t i c  e l e -  
ment dominates t h e  spec ie s  composition i n  both bas ins .  
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